Thank you for submitting your manuscript for consideration to The EMBO Journal editorial office. I have now had the opportunity to read the manuscript carefully and also to discuss it in detail with the other members of our editorial team. I do also apologize for the unusual delay in getting back to you with an initial editorial decision that was caused by the fact that I kindly asked an external advisor to independently assess your manuscript for its suitability here and this scientist took a bit longer than anticipated. After this consultations, I am sorry to say that our evaluation was not a positive one, as we all had to conclude that we are unable to offer publication.
We do certainly appreciate your results on the molecular function of three helicases in replication across transcription. We also understand that genetic approaches indicate RNA-polymerase as the target for their combined activity, presumably by "dislodging" them, o process that would promote replication across strongly expressed sites. Mechanistically, DinG (the least studied of these helicases) potentially acts on R-loops, supporting earlier in-vitro reports, whereas all three cooperate later during replication fork restart. Overall, we realize that some putative role of these helicases in transcription encounter of replication forks had been provided, but molecularly only limited definitive insight had been gathered from the mostly indirect evidence. Having some doubts on the actual depth of molecular insight and therefore more general significance, I contacted an active scientist in the field to independently assess potential merits and general interest of your study. This is a standard procedure at our journal with the intention to not only be certain about our rather critical assessment but also in the interest of yours and our referee's valuable time. I am afraid to say that this expert essentially confirmed our hesitation. I copied his/her remarks for your information below. In light of this evaluation, I am afraid I do see not much choice than to return the manuscript to you with the message that we are unable to offer further proceedings.
Please let me add that we are looking for complete papers that describe original research of general rather than specialist interest in molecular biology and we can only afford to select those manuscripts that merit urgent publication because they report novel findings of wide biological significance, sufficient level of molecular understanding and physiological relevance. This is in fact a very tall order and it means that we end up rejecting by far the majority of the very many manuscripts we receive every day at our editorial office. Further, I would like to point out that our External Advisors are experienced active scientists that provide us on a daily basis with professional advice on manuscripts in their area of expertise. The tight association of these scientists warrants the high standards of the journal, and also the timely evaluation and handling of all manuscripts received at the editorial office.
Again, I am sorry to have to disappoint you on this occasion, but I hope that you nevertheless might consider our journal for publication of your future studies. This work addresses an actual problem in modern biology: how cells deal with head-on collisions of the replication complex with a transcription apparatus. The authors make an inversion of the rrn operon in the E. coli chromosome, so that in the new strains it is transcribed against the replication fork. The inversion has negative consequences for cell viability in different mutant combinations of the rep, uvrD and dinG helicases. Whereas the first two were known to participate in replication (this same lab has contributed to implicate uvrD in fork reversal metabolism), the third was unclear. The work is certainly interesting and well done. It provides interesting information about the impact of three DNA helicases in replication through the inverted rrn. However, the results do not show that the helicases act to facilitate progression of the fork through the rrn operon. Helicases may be required for the repair of putative lethal DNA lesions arising from collisions. Indeed, the RecF is necessary to render inviability in the mutant background. This opens a strong possibility that the role of these helicases is not related directly with the progression of the replication fork but in recombinational repair of putative DNA breaks arising as a consequence of the collision, an expected and not surprising result. In this sense, the 2D gels are the only experiments that directly address an analysis of the fate of replication forks, but they do not provide convincing evidence that the arrest observed is responsible for the inviability; there is no obvious change in the arrest signal in the lethal combinations tested. Basically, the inversion of rrn serves to create an obstacle to replication, as it could be also the case of a tightly-bound protein or a DNA lesion. This is expected from previous work by other laboratories. The helicases could be required for the next step, as it could be the case of other repair functions, not just these helicases. Basically, the results points to the direction that the three helicases are required to deal with the mechanism acting after a replication arrest. This mechanism may involve steps ranging from recombination to PriAdependent replication. This would need to be clarified to know at which step each helicase acts, for the manuscript to provide really a new role for such helicases, specially rep and uvrD, and the DNA metabolic process that the authors are really studying.
This work addresses an actual problem in modern biology: how cells > deal with head-on collisions of the replication complex with a transcription apparatus. The authors make an inversion of the rrn operon in the E. coli chromosome, so that in the new strains it is transcribed against the replication fork. The inversion has negative consequences for cell viability in different mutant combinations of the rep, uvrD and dinG helicases. Whereas the first two were known to participate in replication (this same lab has contributed to implicate uvrD in fork reversal metabolism), Flores et al 2005 (Mol Microbiol) we show that UvrD acts against RecA and RecF in replication mutants, a role that is excluded here at replication-transcription collisions by the study of recA and recF mutants (Table S3 ). Therefore, the role here can only be different from the previously described role at replication forks.
In
the third was unclear. The work is certainly interesting and well done. It provides interesting information about the impact of three DNA helicases in replication through the inverted rrn. However, the results do not show that the helicases act to facilitate progression of the fork through the rrn operon. Helicases may be required for the repair of putative lethal DNA lesions arising from collisions. Indeed, the RecF is necessary to render inviability in the mutant background. This is wrong. recF does not modify the viability of the helicase mutants (compare InvA dinG, InvA uvrD and InvA dinG uvrD Table S2 with their isogenic recF counterparts Table S3 and InvBE dinG, InvBE uvrD and InvBE uvrD dinG Table S2 with their isogenic counterparts in Table S3 ). In brief, mutants that are viable (Inv uvrD) remain such when they are made recF, mutants that are inviable (InvA dinG, InvA dinG uvrD and InvBE dinG uvrD) 
remain inviable and the mutant that is poorly viable (InvBE dinG) remains similary poorly viable when it is made recF.
This opens a strong possibility that the role of these helicases is not related directly with the progression of the replication fork but inrecombinational repair of putative DNA breaks arising as a consequence of the collision, an expected and not surprising result. This is wrong. (1) RecA is required in E. coli for all recombinational repair (2) RecA is not needed in cells in which transcription-replication collisions occur (the full viability of InvA recA and InvBE recA mutants is reported in Table S3 ). If there were breakage upon collisions, RecA, the enzyme required for all recombinational repair, would be required.
In this sense, the 2D gels are the only experiments that directly address an analysis of the fate of replication forks, 2D gels are the method of choice to study replication arrest. In addition, it is wrong that we used only this technique . We have also quantified DNA trapped in wells in pulse field gels, which is a recognized measure of replication intermediates in a linear DNA fragment (Fig. 3; Azvolinsky et al, Genes and Dev, 2006) . In most papers onreplication arrest, one or the other technique is used, and we used both ! but they do not provide convincing evidence that the arrest observed is responsible for the inviability; there is no obvious change in the arrest signal in the lethal combinations tested.
There is no obvious change in the arrest signal in the lethal combinations because they are all lethal. We provide evidence that there is no replication arrest arc in MM (viable conditions) or in strains lacking the helicases but devoid of inversion (viable conditions). Wehave a lot of gels with no arc in all possible viable conditions, it would be very easy to provide them, instead of only two examples. What we provide instead is the percentage of DNA trapped in PFGE, because this is not an absence of arc, it is an actual measure, average with standard deviation of several measures made on several gels Our measures of the percentage of DNA trapping in wells in PFGE show a clear correlation between (i) viability, (ii) low percentage of DNA trappingin PFGE, (iii) absence of arc in 2D gels. Conversely, there is a corelation between (i) lethality, (ii) high percentage of DNA trapping in PFGE and (iii) presence of arc on 2D gels. The presence of replication arrest arcs in Inv rep mutants one hour after a shift to rich medium although this strain forms colonies correlates with a high filamentation defect, and we demonstrate that colony formation is SOS-dependent and results from a SOS-dependent recovery of Inv rep mutants at later times (filamentation, DNA trapping in wells in PFGE, replication intermediates in 2D gels) .
Basically, the inversion of rrn serves to create an obstacle to replication, as it could be also the case of a tightly-bound protein or a DNA lesion. This is expected from previous work by other laboratories.
I do not know what this referee aims at here. Replication arrest at DNA lesions requires RecA and RecF for replication resumption, a result completely different from what is observed here, as stated above. May be a tighlty bound protein would have the same consequences as an oppositely oriented rrn operon, may be not, this interesting question is beyond the scope of the present work. The point is that before our work, no one knew which enzymes come to act at transcription-replication collisions. We show that it is not RecA and not RecF (which promote replication across lesions) but it is Rep, UvrD and DinG.
The helicases could be required for the next step, as it could be the case of other repair functions, not just these helicases. Basically,the results points to the direction that the three helicases are required to deal with the mechanism acting after a replication arrest. This mechanism may involve steps ranging from recombination to PriA-dependent replication.
As pointed out by the referee, our results indicate that the helicases identified here act after replication arrest. As stated above, RecA is not needed, so no recombination event is needed, again this important point seems to have been missed by the referee, although we point it out several times in the manuscript. We do show that PriA is needed (Table S2 , priA mutants), so the helicases act after replication arrest, either before or together with replication restart. So we do know at which step these helicases act. It is not at a recombination step and it is after arrest, together with or before the PriA-dependent replication step.
This would need to be clarified to know at which step each helicase acts, for the manuscript to provide really a new role for such helicases, specially rep and uvrD, and the DNA metabolic process that the authors are really studying.
I understand your position, you ask the opinion of one referee and he/she is against the work. But I hope that I have convinced you that there is not a single point in his/her answer that is scientifically justified. There are two kinds of scientific works. Some find new things, which represent a first step of error/assay approach before what needs to be carefully studied can be defined, and a second step where reactions are competely characterised. Others increment knowledge of previoulsy known reactions. Finding a new role for three helicases is not incrementing previous knowledge. Here, in addition to the novelty of the results, the reactions are as well defined as possible. Because we compared inversions of one, two or zero rrn, because three helicases are involved that work two by two, this paper is rich and complete, but for the same reasons it is too long for several journals. I thought that EMBO Journal would be a good place for a new, serious, promising piece of knowledge. That this piece of knowledge is refused because someone claims that may be recombination occurs although there is no effect of recA and recF (we even measured DNA trapping in PFGE in recA mutants, Table S4 , and showed no effect!) is simply depressing. If we had found an effect of RecA, we would publish a role for recombination. As wefound no effect of RecA but an effect of helicases, we publish the role of the helicases. This paper is a "complete paper that describe original results".
We consider that this referee did not understand nor appreciate in vivo work based on complete genetic and precise molecular biology data. We would like to have the opportunity to be examined by experts in in vivo works.
Additional Correspondence 20 July 2009 I have now had the time to carefully assess your rebuttal letter. Given the discrepancies between your argumentation and the comments of our external advisor we decided to send the paper out for peer-review. I will let you know our decision on suitability of your findings for our journal upon receipt of comments from additional experts in the field.
Sincerely,
Editor
The EMBO Journal We have just now heard back from the three referees who have evaluated your manuscript for us and their comments directly for authors are pasted below. As you can see from these comments, and as is also evident from their overall evaluations given directly to the editorial office, they are generally quite supportive of the work. However, as you will see, the referees do have some issues that would need to be dealt with before the manuscript can be further considered for publication. Many of these issues have to do with presentation, explanations and what conclusions can be drawn from the data. One referee even suggests deleting some data that are not directly pertinent to the main message. That is probably not necessary and might not be appreciated by the other referees. Rethinking data presentation and re-formulating conclusions might be more useful. It is unusual that multiple referees so clearly emphasize problems with presentation (in comments to authors and also stressed in the overall evaluations sent directly to the editor) -one even to the point of thinking it makes the work not well suited for a general audience. As you know, The EMBO Journal is a broad journal and it is important that a broad range of readers can properly appreciate the papers and the advance made. So I really encourage some work on this matter in addition to dealing with the specific issues that the referees raise.
I should remind you that it is EMBO Journal policy to allow a single round of revision only and that, therefore, acceptance or rejection of the manuscript will depend on the completeness of your responses included in the next, final version of the manuscript.
Thank you for the opportunity to consider your work for publication.
Yours sincerely,
The EMBO Journal
REFEREE REPORTS
Referee #1 (Remarks to the Author):
Summary: This paper describes an analysis of mutations in three different helicase genes and how they affect the ability of cells to recover from collisions between the replication machinery and the transcriptional machinery. This has been a long studied topic but unfortunately only little progress has been made over the years. This paper brings some new light to the area. The novel genetic tool described in this study (and makes it possible) is the inversion of a few rrn operons. By changing the orientation of a few highly transcribed regions in the chromosome that normally face in the direction of replication to the opposite orientation, facing against the direction of replication, the authors greatly increase the number of collisions, making it easy to see fairly dramatic phenotypes for their mutants. The paper focuses on three helicases: Rep, UvrD and DinG. The work on DinG is particularly interesting as there is essentially nothing known about the in vivo function of this helicase and this is the first study where some understanding is reached. The paper further looks at the cooperation of Rep and UvrD helicases and their relationship to DinG. The study showed that the effects they were seeing were in fact related to replication/transcription machinery collision by showing that mutations in RNA Pol that either decrease the rate of transcription or remove the highly transcribed rRNA genes could suppress the helicase deficiencies. The study also uses a variety of techniques: viability (main one) and ability to form different DNA structures in vivo through different types of electrophoresis (PFGE and 2-D). In all, an interesting, innovative study.
Many of the tools described will be of use to the rest of field.
Comments: I think this is the type of paper that would be perfect for EMBO. Below are some comments that will hopefully help in the making the paper a little clearer and easier to read and addresses some questions I had along the way. I also think that the Strain Table should be incorporated into the paper proper and not put into the Supplementary Material as it is an integral part of the paper, not an interesting digression. I think Table 1 could be better organized into columns so that the combination of genotypes are easier to find.
Page 7, line 19: Perhaps enhance Figure 1 with an insert to include information about rrnB P1 Fis sites rather than putting info in Supplemenatry notes.
Page 9 line 20: I think to really say that they tested all double mutants in a equal way, they all needed to be isogenic and so all need to be recF. Perhaps re-phrase.
Page 12 line 3: A genetic pathways figure for viability and suppression of the dinG, rep, uvrD mutants with recF rpoC may be useful to help the reader better understand the data.
Page 12 line 9: I am not sure one is able to conclude that the inviability of the mutant missing the three helicases is due to transcription through the rrn operons from this data becasue two of three, uvrD and rep, are inviable presumably because they allow RecA loading at other places. I think to have the final conclusion of this section: "in the presence of the rpoC*, the triple helicase is killed by recFOR-RecA binding to arrested forks", one may need to add that they do not necessarily have to be forks arrested in the rrn regions. Or perhaps this just needs some clarification.
Page 13 Line 23: I think this section either needs more explanation --for instance --is RecA binding to a broken replication fork a recombinational intermediate or a DNA replication intermediate or perhaps it should be deleted since all the data is in the Supplementary Materials and represents a digression.
Page 14 line 4: should not "presence" be "absence" in this case Page 14 line 11: How were cells synchronized then?
Page 17 line 10: Not clear how Yasuda (1996) supports that the deleterious effects of dinG in a rnhA mutant are due to too many R-loops.
Page 21 -Materials and Methods: More explanation on constructions -a few sentences explaining more on the strategy of the constructions would be helpful to the reader or more footnotes and explanation in the strain table.
Page 30 (Table 1) : Table 1 is difficult to take in and understand the information. Perhaps it should be broken down into smaller Tables that coincide better with the presentation of the information in the text. Perhaps some of the less important controls can be put in the Sup. materials Table 1 -Are the numbers in parentheses really important. They seem to be a distraction. I would suggest to either emphasize their value by more explanation in the text or remove from the Table. Table 1 -Are the differences in bold statistically significant? If so how was this determined? Hard to determine why some differences are in bold and others are not.
What does "S" after some of the strain numbers in Table 1 Referee #2 (Remarks to the Author):
In this manuscript, Boubakri et al. investigate the roles of the DinG, Rep, and UvrD helicases in replication across highly transcribed loci (rRNA operons) in E. coli. The authors examined the effects of helicase deletions (alone and in combination) in different genetic backgrounds to demonstrate that these enzymes have separate and overlapping functions in cells when replication and transcription collide. For instance, it was convincingly shown that the viability of dinG strains is affected by the level of rrn transcription and the expression of RNase H, suggesting that DinG functions to remove R-loops from DNA in vivo. Likewise, combinations of any two of the helicases are likely necessary for removing RNA polymerase from highly transcribed rrn operons as depicted in their model.
The manuscript makes significant strides in corroborating previously known biochemical data with physiological in vivo observations for DinG, Rep, and UvrD. The findings are discussed fairly in the context of these prior works and of interest to the replication and transcription fields. I do have several minor comments:
1. On pg. 9, the authors state that "dinG, rep, and uvrD mutations are synergistic, indicating overlapping functions. The data in Figure 2B and Table 1 support this. However, in Figure 2A , there doesn't appear to be a statistical difference between the dinG and dinG uvrD strains in the InvA background. Is this a locus-specific effect?
2.
On pg. 12, a 16% increase in Inv-fragments is reported in the uvrD strain, but judging from by the error bars, there doesn't appear to be any significant increase in either InvA or InvBE backgrounds. This discrepancy should be addressed.
3.
There are various unmarked positions on the graphs in Fig 2A- C, E and Fig 3B, C,E. Are these supposed to be the wild type data points? Also, in Figure 3 , what do the colors of the bars mean? Are they the same as in Figure 2 ?
4.
In many sections of the manuscript (especially the introduction), the clarity of the writing would benefit from an English language editor. Such services are readily available online.
Referee #3 (Remarks to the Author):
The work presented in the ms, by the group of Benedicte Michel, show that specific helicases are required to deal with collisions between replication and transcription machinery. This is an universal problem for cells that has been poorly study. Using inversion of ribosomal rna operon(s) that are strongly transcribed in rich media and face replication, they show that the Rep, DinG and UvrD are essential for growth. DinG seems to be involved in R-loop removal. Rep and UvrD seem to be involved in RNAP removal and recombination. The main conclusion of this ms is based on the growth defect of strains shifted from minimal to rich medium. This will increase both rrn operon transcription but also replication. Introduction of delta relA mutant in MM should also increase rrn transcription without affecting replication and should affect viability in MM. Alternatively, introduction of spoT mutations that increase ppGpp should suppress the growth defect of helicase mutants in LB by reducing rrn transcription. Finally, the conclusion concerning the fork clearing at co-directional rrn loci by these helicases is overstated and the experiments leading to this conclusion deleted. The authors should focus on he conclusion of the ms and remove some of the data, which distract from the conclusion.
Comments
Page 7 last sentence: ...Inv dinG mutant is completely overcome by reducing the transcription level. The conclusion is based on a rpoC* mutation but no data is available to show that rrn transcription is decreased by this mutation. Is the rpoC mutation affecting the level of transcription or the stability of RNAP during elongation? What is the fold difference in rrn transcription in LB and MM in both WT and rpoC*? This should be presented since all the conclusions are based on this assumption.
Page 11 first sentence: The requirement for uvrD in ...: A recF null mutation was used to test whether UvrD is required in Inv dinG uvrD mutants ... How can UvrD be required in a uvrD mutant? The logic of this paragraph is hard to follow! How was the recA killing in inv dinG rep mutant on MM tested?
Page 12 first paragraph: The conclusion of this paragraph is too speculative. Clearly both recombination and transcription affect viability in helicase mutants. I suggest to remove the entire paragraph, which will not change much of the conclusion Page 16 The helicases do not prevent replisome disassembly. The data show that replication restart is an important pathway for transcription-replication collision. Does the rpoC* mutation allow curing of the priA plasmid in the Inv strain? Discussion Page 17 line 2 : DinG, Rep and UvrD act on the same molecular obstacle, transcription collision at rrn operons, but on different molecular substrates created by the collision. page 17 line 11 R loops may be increased at inverted rrn by replication-transcription collisions: ALTERNATIVELY, they may be deleterious only when replication and transcription move through the operon in opposite orientation. Please clarify. Page 20 line 1 In order to conclude that rep uvrD are required at normal rrn operons, the authors should show an significant increase in breaks by PFGE gel in a rep uvrD mutant. Referee #1 (Remarks to the Author):
Summary: This paper describes an analysis of mutations in three different helicase genes and how they affect the ability of cells to recover from collisions between the replication machinery and the transcriptional machinery. This has been a long studied topic but unfortunately only little progress has been made over the years. This paper brings some new light to the area. The novel genetic tool described in this study (and makes it possible) is the inversion of a few rrn operons. By changing the orientation of a few highly transcribed regions in the chromosome that normally face in the direction of replication to the opposite orientation, facing against the direction of replication, the authors greatly increase the number of collisions, making it easy to see fairly dramatic phenotypes for their mutants. The paper focuses on three helicases: Rep, UvrD and DinG. The work on DinG is particularly interesting as there is essentially nothing known about the in vivo function of this helicase and this is the first study where some understanding is reached. The paper further looks at the cooperation of Rep and UvrD helicases and their relationship to DinG. The study showed that the effects they were seeing were in fact related to replication/transcription machinery collision by showing that mutations in RNA Pol that either decrease the rate of transcription or remove the highly transcribed rRNA genes could suppress the helicase deficiencies. The study also uses a variety of techniques: viability (main one) and ability to form different DNA structures in vivo through different types of electrophoresis (PFGE and 2-D). In all, an interesting, innovative study. Many of the tools described will be of use to the rest of field.
Comments: I think this is the type of paper that would be perfect for EMBO. Below are some comments that will hopefully help in the making the paper a little clearer and easier to read and addresses some questions I had along the way. I also think that the Strain Table should be incorporated into the paper proper and not put into the Supplementary Material as it is an integral part of the paper, not an interesting digression.
Unfortunately the Strain Table is more than 15 000 characters, which is too long to be introduced in the main text.
I think Table 1 could be better organized into columns so that the combination of genotypes are easier to find. Page 7, line 19: Perhaps enhance Figure 1 with an insert to include information about rrnB P1 Fis sites rather than putting info in Supplementary notes.
The inactivation of the Fis sites in rrnB is only relevant in one experiment (the InvBE dinG mutant is rescued by deleting rrnE only); consequently, we rather leave the details of the construction in a supplementary file.
The following sentence has been added to the text (page 9 lines 17-20): "Because recF inactivation per se does not affect the growth of Inv strains (Table S3, 
see below) and is beneficial to rep uvrD cells, we consider thereafter that the growth defects of rep uvrD recF mutants carrying an inversion result from the inactivation of the rep and uvrD genes and not from the recF mutation."
There cannot be more than seven Figures and Tables in the main text, and I am not sure that a supplementary figure would be more informative than the results presented in Table S2 . We have therefore rather rephrased the main message of the paragraph (page 12 lines 15-21). "The rpoC* mutation also failed to restore rep uvrD dinG colony formation. Therefore, in cells lacking all three helicases, neither decreasing RNA Pol stability nor preventing RecA binding to blocked forks is sufficient to allow colony formation, even in slow growth conditions (MM). However, when the stability of the RNA polymerase was compromised by the rpoC* mutation and recF was inactivated, the resulting rep uvrD dinG rpoC* recF mutant formed colonies on MM and on LB in two days ( Fig. 2E ; Table S2 )."
The referee is entirely right. We have no evidence that in non-inverted cells the transcriptional obstacles are rrn. We have removed this speculation from the text which now reads (page 12 lines [19] [20] [21] : "This result indicates that an E. coli mutant lacking all three helicases is killed by collisions between replication and transcription complexes; in the presence of the rpoC* mutation, the triple helicase mutant is killed by RecFOR-RecA-binding to arrested forks."
The fact that we attributed replication problems in non-inverted cells to non-inverted rrn although we have no evidence that support this assumption was also raised by referee 3 and we made the necessary correction at the different places where it was needed (see answer to referee 3).
The full viability of Inv recA mutants argues against significant fork breakage in the Inv mutants. The text has been slightly modified for the conclusion to be clearer (page 14 lines 11-13) . "The observation that the proportion of non-migrating Inv-fragments is similar in the absence of RecA indicates that these non-linear structures are not recombination intermediates but rather replication intermediates."
Page 14 line 4: should not "presence" be "absence" in this case
It is "presence", we have modified the sentence to make it more clear (page 14 lines 16-18) . "DNA trapping was also low when Inv cells were grown in MM; the presence of abnormal DNA structures only when cells are grown in LB indicates that this non-migrating DNA only forms when cells are propagated at a high growth rate (Table S4 ).
Page 14 line 11: How were cells synchronized then?
Cells were not synchronised, they were just propagated in normal growth conditions. The term is removed and replaced by "wild-type".
It is the conclusion from these authors in their publication. It is known that rnhA mutants accumulate R-loops, these authors inferred from the rnhA dinG growth defects that DinG might have a similar function, but they did not test their hypothesis.
We have now introduced in the Material and Methods the detailed protocol of construction of strains made by inversion and explained how we cured pAM-rep or pAM-priA plasmids. These are the only two specific construction strategies used in this paper, as all other constructions were made by classical P1 transduction or gene replacement using a now classical published technique (Datsenko and Wanner, 2000) . If any specific information is needed, any request addressed by email will of course be fully answered.
Page 30 (Table 1) : Table 1 is difficult to take in and understand the information. Perhaps it should be broken down into smaller Tables that coincide better with the presentation of the information in the text. Perhaps some of the less important controls can be put in the Sup. materials Table 1 has been rebuilt by creating new columns and clear separation between groups of cells with the same common genotype to make it easier to read.
Table 1 -Are the numbers in parentheses really important. They seem to be a distraction. I would suggest to either emphasize their value by more explanation in the text or remove from the Table. The numbers in parenthesis indicate the numbers of cells with a septum. This is indicated in the Table footnote. In most of the mutants studied here, the division defect not only increases cell elongation but also decreases the number of cells with a visible septum. This is the reason why these numbers are interesting; this point is now described in the text page 10 lines 2-3. "(The increase in cell size) It is accompanied with a decrease in the number of cells with a visible septum (number in parenthesis Table I ), confirming a cell division defect." Table 1 -Are the differences in bold statistically significant? If so how was this determined? Hard to determine why some differences are in bold and others are not.
It is now stated in the footnote of Table I that all data in bold are those that differ more than 3-fold from the parental strains. This choice is arbitrary, but we think that highlighting the strains that are really sick helps the reading of Table I and it was chosen because this three-fold difference correlates in general with plating defects and/or with the observation of replication intermediates by PFGE and 2D-gels under the same experimental conditions (1 hr after a shift to LB).
What does "S" after some of the strain numbers in Table 1 mean? "S" stands for cells tested after plasmid Segregation. This is now explained in the footnote.
Page 33: Is it potentially important to the interpretations of the paper that one of the inversions contains the rpoAB and dnaB genes.
The referee gives a particular importance to these genes, but the chromosome region inverted in InvBE contains about a hundred genes, including also an operon encoding ribosomal proteins and until we check whether one or several of inverted genes is important, we prefer not to speculate on the role of any of them.
Page 36 (Figure 4) : Add to diagram a key to show where the different structures mentioned in the text migrate.
The positions of migration of the different structures are now mentioned on the simulation graphs.
Page 38 ( Figure 6) : Add a key for the proteins. The model in the text makes a distinction between situations where R-loops are present and where they are not -perhaps this could be added to the figure.
The key for the proteins is now in the figure.
As requested by referee 3 a detailed legend is now provided. Although R-loops are not shown on the figure, the situation where R-loops form is now clearly explained in the legend (page 27 lines 5-6).
Referee #2 (Remarks to the Author):
The additional effects of uvrD and dinG mutations can be deduced in the InvA mutant from the level of cell elongation (Table I) . This is now stated page 9 lines 24-25. There is a locus effect and the difference between InvA dinG (which is completely LB sensitive) and InvBE dinG (which is partially LB sensitive) is discussed in the discussion section, page 17 lines 23-24.
2. On pg. 12, a 16% increase in Inv-fragments is reported in the uvrD strain, but judging from by the error bars, there doesn't appear to be any significant increase in either InvA or InvBE backgrounds. This discrepancy should be addressed.
This is true. It is now mentioned in the text that trapping remains weak in the InvA uvrD mutant, which is more appropriate (page 13 line 12).
3. There are various unmarked positions on the graphs in Fig 2A-C, E and Fig 3B, C,E. Are these supposed to be the wild type data points? Also, in Figure 3 , what do the colors of the bars mean? Are they the same as in Figure 2 ?
The unmarked positions are wild-type for the helicase genes, so they only carry the inversion, this is now indicated in the figure legend. The meaning of the color bars was indeed not indicated, it is now in the Figure legend. 4. In many sections of the manuscript (especially the introduction), the clarity of the writing would benefit from an English language editor. Such services are readily available online.
The article has now been read by a colleague from UK. He also slightly modified the title. This scientist works in a different field and some of his suggested modifications should improve understanding by a broad audience.
The work presented in the ms, by the group of Benedicte Michel, show that specific helicases are required to deal with collisions between replication and transcription machinery. This is an universal problem for cells that has been poorly study. Using inversion of ribosomal rna operon(s) that are strongly transcribed in rich media and face replication, they show that the Rep, DinG and UvrD are essential for growth. DinG seems to be involved in R-loop removal. Rep and UvrD seem to be involved in RNAP removal and recombination. The main conclusion of this ms is based on the growth defect of strains shifted from minimal to rich medium. This will increase both rrn operon transcription but also replication. Introduction of delta relA mutant in MM should also increase rrn transcription without affecting replication and should affect viability in MM. Alternatively, introduction of spoT mutations that increase ppGpp should suppress the growth defect of helicase mutants in LB by reducing rrn transcription. Finally, the conclusion concerning the fork clearing at co-directional rrn loci by these helicases is overstated and the experiments leading to this conclusion deleted. The authors should focus on the conclusion of the ms and remove some of the data, which distract from the conclusion.
The same point was also raised by Referee 1 (page 12 line 9). As recommended by the editor, the data will remain in the manuscript; however, as stated above in answer to Referee 1, the overstatement that the forks are arrested at co-directional rrn in non-inverted strains is now removed from the manuscript, and replaced by arrest at transcribed sequences in general (without specifying rrn) in the rep uvrD and rep uvrD dinG mutants in the absence of chromosomal inversion (last sentence of the abstract, end of the introduction, page 10 lines 15-18, page 12 corrections done as indicated in answer to Referee 1, .
Comments
The conclusion "Inv dinG mutant is completely overcome by reducing the transcription level." is not based on rpoC* but (i) on results in MM and (ii) on results in InvBE mutants deleted for rrnE (the only remaining inverted operon, rrnB, has here no Fis sites). This is now clearly indicated between parentheses in the last sentence of this paragraph, page 7 lines 22-24: "the growth defect observed in Inv dinG mutants is completely overcome by reducing the transcription level (growth on MM or inversion of no other rrn than rrnB, which is here deprived of Fis sites)". P1rrnB-lacZ fusions were used to show that in wt and the rpoC* mutant the promoter is similarly induced by LB compared to MM and LB (Bartlett et al, 2000) but the impact on rrn transcription of the instability of transcription elongation complexes conferred by the rpoC* allele was not measured and this is beyond the scope of this work.
To address the point raised by the referee, we have removed what could be ambiguous in our presentation of the rpoC* mutation which is now as follows (page 7 line 12-14) : "To test whether transcription is responsible for the LB sensitivity of InvA dinG and InvBE dinG mutants, we used the rpoC 215-220 mutation (called rpoC* thereafter). By mimicking the presence of ppGpp, this mutation reduces the stability of transcription elongation complexes (Bartlett et al., 1998; Bartlett et al., 2000; Trautinger et al., 2005; Trautinger and Lloyd, 2002) ."
Page 11 first sentence: The requirement for uvrD in ...: A recF null mutation was used to test whether UvrD is required in Inv dinG uvrD mutants ... How can UvrD be required in a uvrD mutant? The logic of this paragraph is hard to follow!
The sentence is now changed (page 11 line 13)"whether UvrD is required in Inv dinG mutants"
How was the recA killing in inv dinG rep mutant on MM tested?
This is now explained page 11 lines 23-25: "Furthermore, no plasmid-less colony could be obtained from Inv dinG rep recA [pAM-rep] 
cells even on MM, indicating that in both Inv backgrounds the dinG rep recA combination of mutations is lethal"
Page 12 first paragraph: The conclusion of this paragraph is too speculative. Clearly both recombination and transcription affect viability in helicase mutants. I suggest to remove the entire paragraph, which will not change much of the conclusion
These are the data that describe the lethality of rep uvrD dinG cells in non-inverted strains and as suggested by the editor, since Referee 3 is the only referee who suggests their removal, it is better to leave them (it is important that in the normal chromosome configuration these helicases also act at transcription complexes). Moreover, Referee 1 requested changes that are now made and that should clarify the data (page 12 line 3 above) and clarify the conclusion (page 12 line 9 above). The re-written paragraph is not speculative any more.
Page 16 The helicases do not prevent replisome disassembly. The data show that replication restart is an important pathway for transcription-replication collision. Does the rpoC* mutation allow curing of the priA plasmid in the Inv strain?
The rpoC* and priA mutation were not combined because in an Inv background (KanR) they both need to be co-transduced with a TetR marker and so there was no simple way of combining these mutations for reasons of antibiotic marker incompatibility. An additional problem is that the priA mutation confers LB sensitivity on its own, so what can be measured in a priA mutant is only complete lethality on MM. Because rpoC* suppresses the growth defects on MM of Inv dinG rep and Inv rep uvrD recF cells (Fig. 2 compare A with C and B with D) and suppresses the growth defect on MM of Non-Inv rep uvrD cells (Fig. 2 E) , it is very likely that it might allow Inv priA mutants to grow on MM, but the antibiotic marker problem renders the question difficult to answer.
Discussion
Page 17 line 2 : DinG, Rep and UvrD act on the same molecular obstacle, transcription collision at rrn operons, but on different molecular substrates created by the collision.
"Obstacle" is now replaced by "substrate".
page 17 line 11 R loops may be increased at inverted rrn by replication-transcription collisions: ALTERNATIVELY, they may be deleterious only when replication and transcription move through the operon in opposite orientation. Please clarify.
The text is now modified as follows: "Either R-loops may form more often when rrn are facing the direction of replication; or they may form at a similar efficiency in Inv and wild-type cells but they may be deleterious only when replication and transcription move through the operon in the opposite orientation." (page 17 bottom, page 18 top).
Page 20 line 1 In order to conclude that rep uvrD are required at normal rrn operons, the authors should show an significant increase in breaks by PFGE gel in a rep uvrD mutant.
We cannot see any break in cells that are proficient for DSB repair (RecB+ RecA+) but it is true that we did not detect replication arrest at rrn by 2D-gels in rep uvrD recF non-inverted strains. This was the first point raised by this referee, and as indicated above we have removed from the manuscript the idea that arrest in non-inverted rep uvrD or rep uvrD dinG mutants might occur at rrn, including in the discussion (page 20 lines [16] [17] : "in wild-type E.coli these two helicases are essential for replication across highly-transcribed regions". 
This is now corrected
Fig6 the model should be explained in the legend (a,b,c,d,e,f) This is now done.
Fig3 D InvBE delta rrnE,B, there is a discrepancy between the figure and the text is the first row rep or dinG mutant( page 13 line13)?
There is no discrepancy but it is now clearly indicated in the text that the dinG results are only in Table S4 whereas results in the three other mutants are both in Table S4 and in Fig. 3D . Your revised manuscript has now been re-assessed by original referees, comments you will find enclosed. I do apologize for the delay in this assessment, that was caused by rather late referee's responses.
As you will see from the enclosed comments, a couple of text changes would further improve clarity and focus of the study. I therefore kindly ask you to modify the manuscript accordingly and provide us with the ultimate version to enable final acceptance to your earliest opinion.
Thank you for the opportunity to consider your work.
Yours truly,
Editor
REFEREE REPORT
This ms is a revised version. The scientific concerns have been addressed. The section "DinG is required to remove R-loops and RNA pol" is still confusing. In this section the authors suggest that DinG, but also UvrD are involved in removing RNAP. UvrD acts also on excision repair pathways (and DinG homolog in Yeast) and because these pathways have not been excluded in these experiments, the conclusion on RNAP removal by these enzymes is highly speculative . Again the discussion on UvrD and Rep is a digression from the main conclusion of this section and should be deleted. If not, the section title should be more speculative about the removal of RNAP by DinG (see also discussion page 18 line 6-17). The authors should mention the possibility of an indirect role in the removal of RNAP.
DinG, but also UvrD are involved in removing RNAP.
The only part of the ms that it is still "confusing" is the interpretation of the results presented in the "DinG is required to remove R-loops and RNA pol" paragraph of the "Results". Actually, our interpretation of all mutants in which the RnaseH carrying plasmid has no effect is presented in only few sentences, which may be confusing. Therefore, we have entirely re-written this part.
Previous version:
Altogether, these results show that Rep and UvrD act on another physiological target in Inv mutants, not R-loops, suggesting that they act on DNA-bound RNA Pol. Moreover, they indicate that DinG has yet another function in addition to R-loop removal, which is revealed in the absence of Rep or UvrD (because dinG rep and dinG uvrD mutants are not rescued by RNase H). We propose that DinG also acts on DNA-bound RNA Pol.
New version;
If we assume that the only possible obstacles to replication progression in oppositely oriented rrn are R-loops and RNA Pol, then the growth defect and the high level of non-migrating Inv-fragment in InvA dinG uvrD and InvBE dinG uvrD mutants that overproduce RNaseH can logically be interpreted as the occurrence of collisions of replication forks with RNA Pol. In these mutants, replication impairment is observed upon inactivation of both the dinG and uvrD genes, but not when only dinG or only uvrD is inactivated, suggesting that the UvrD and DinG proteins share a common function. Consequently, this reasoning leads us to suggest that DinG and UvrD are both participating in RNA Pol removal. Similarly, our observation that RNaseH overproduction does not decrease the high level of replication intermediates and cell elongation in InvA rep and InvBE rep cells (Fig. 5B , Table S5 ) can be interpreted as an increased level of replication-RNA Pol collisions in these mutants. We suggest that Rep is also involved in RNA Pol removal.
UvrD acts also on excision repair pathways ( and DinG homolog in Yeast) and because these pathways have not been excluded in these experiments, the conclusion on RNAP removal by these enzymes is highly speculative . I recall that, as explained in the introduction, it was already known that the E. coli dinG mutation does not confer hypersensitivity to UV irradiation (and we confirmed this published result). In contrast, it is well-documented that the inactivation of NER renders E. coli hyper-sensitive to UV irradiation; consequently, a role for DinG in NER is unlikely. We propose RNA polymerase as an obstacle to replication in Inv mutants because all the results presented in the ms point to transcription as the obstacle to replication, and the results presented in this section allow us to distinguish between mutants where R-loops play a role and mutants where they do not.
Again the discussion on UvrD and Rep is a digression from the main conclusion of this section and should be deleted. If not, the section title should be more speculative about the removal of RNAP by DinG (see also discussion page 18 line 6-17).
Rep and UvrD are tested, in Fig. 5 (this section) and all along the manuscript. Results are shown. I see no reason why they should not be discussed.
